Endometriosis becomes the most common cause of pelvic pain and infertility women. The cause of endometriosis has ever been entirely proven. However, an increased use of commercial feminine hygiene products such as tampons and sanitary napkins was considered one of the major affect. Harmful substances in feminine hygiene products was analyzed and evaluated. Samples of commercial products obtained from Korea, Japan, America, Germany, and China were analyzed for six hazardous inorganic elements (chromium, cobalt, nickel, copper, cadmium and lead). In the extractable heavy metals of napkins, Cr, Ni and Cu were found in all of the samples, while Cd was detected only in two samples. In the tampons, Cr, Ni and Cu were found in all of the samples. The presence of Co and Cd was not detected in all samples The concentrations of extractable heavy metals in the tampons were lower than those in the sanitary napkins. The content of extractable heavy metals in the sanitary products was compared with the criteria of the 100 ÖKO TEX Standard. It was confirmed that the level of heavy metals in the sanitary products posed no serious risk to health, based on the human-ecological criteria defined by the 100 ÖKO TEX Standard.
I. Introduction
Recently, a continued increase in endometriosis has been observed which may be linked to exposure to environmental contaminants (Lamb & Berg, 1985) . This increasing prevalence of endometriosis is attributed to the use of disposable diapers in children and sanitary products in women of menstrual age (Hermansen & Buches, 1988; Horstmann & Mclachlan, 1995; Klasmeier & Mclachlan, 1998) . There are several hypotheses concerning the cause of endometriosis, the most popular of which is the premise that menstruation results in endometrial seeding of the peritoneal cavity. The possibility that tampon use might increase retrograde menstruation has been suggested; however, women with endometriosis do not appear to use tampons more than general population controls (Lamb & Berg, 1985) , and retrograde menstruation is believed to occur in most women, whether or not they use tampons. Although a number of factors, such as sexual activity, age, and socioeconomic status, have been associated with the risk of endometriosis (Houston et al., 1998) , the concern about whether reproductive diseases in general, and endometriosis in particular, can be caused by tampons is focused on the presence of contaminants in feminine hygiene products.
Heavy metals become toxic when they are not metabolized by the body and accumulate in the soft tissues. Heavy metals may enter the human body through food, water, air, or absorption through the skin. Small amounts of these elements are common in our environment and diet and are actually necessary for good health, but large amounts of any of them may cause acute or chronic toxicity (poisoning). Heavy metal toxicity can result in damaged or reduced mental and central nervous function, lower energy levels, and damage to the blood composition, lungs, kidneys, liver, and other vital organs. Longterm exposure may result in slowly progressing physical, muscular, and neurological degenerative processes that mimic Alzheimer's disease, Parkinson's disease, muscular dystrophy, and multiple sclerosis. Allergies are not uncommon and repeated long-term contact with some metals or their compounds may even cause cancer.
Most studies have attached particular importance to the effects of hazardous substances transmitted to humans from the environment such as the soil, atmosphere, and water. Research into analytical methods, analytic technology and pretreatment has been focused on natural environments, rather than humans themselves. Thus, research on the noxiousness of feminine hygiene products has been rare. Under these circumstances, there has been concern about exposure to hazardous substances through the use of tampons and other feminine hygiene products. Feminine hygiene products including sanitary napkins and tampons are one of the most used and intimate products for the majority of women. Therefore, it is necessary to evaluate the level of toxic heavy metals in tampons and sanitary napkins, which come into contact with one of the most sensitive and important parts of a woman's body.
In this study, we concentrated our effort on determining for toxic heavy metals in different kinds of feminine hygiene products obtained from Korea, Japan, America, Germany, and China. It should be noted that there was no data available about the heavy metal contents in feminine hygiene products. We would like to express our profound concern about the exposure to heavy metals in clothing and the resulting environmental damage.
II. Experimental

Materials and Apparatus
Eighteen different kinds of feminine hygiene products for women manufactured in Korea, Japan, America, Germany, and China were used and the levels of heavy metals within them were determined and quantified. These feminine hygiene products can be classified into two types, sanitary napkins and tampons. The collected sanitary napkins were as follows: 3 kinds from Korea (K1, K2, K3), 2 kinds from Japan (J1, J2), 3 kinds from the USA (U1, U2, U3), 3 kinds from Germany (G1, G2, G3) and 2 kinds from China (C1, C2). The tampons that were selected were as follows: one kind from Korea (TK), 2 kinds from Japan (TJ1, TJ2), and 2 kinds from the USA (TU1, TU2). Each brands of Sanitary napkins and tampons are used generally (Shin et al., 2007) .
The acids used in this study, including sulfuric acid and nitric acid, were obtained from the E. Merck Company (Germany). Hot plate heating digestion was employed. Inductively coupled plasma mass (spectrometry) (ICP-MS, Elan 6100 DRC, Perkin Elmer) was used for analyzing six heavy metals, i.e. Cr, Co, Ni, Cu, Cd, and Pb.
For the purpose of comparison with the 100 ÖKO TEX Standard (Colbert, 1994) , the content of heavy metals in sanitary samples was determined for the extracts by artificial acid sweat, according to the standard PN-EN-ISO 105-E04. Therefore, 0.5g Lhistidine monohydrochloride, 5.0g NaCl and 2.2g disodium hydrogen orthophosphate were dissolved in water. The solution was brought to pH 5.5 with 0.1M NaOH. A such solution was prepared daily.
Extractable Metal Levels
In order to determine extractable metal levels, the sanitary samples were extracted with artificial acidic sweat solution. For this purpose 0.5g of each cloth was weighed and transferred to a 25ml beaker. Then 10ml of artificial sweat solution was added. The solution was heated at 37 o C for 24hours on a magnetic stirrer. Then the samples were removed from the solutions. The volume of the final solution was made up to 10ml in volumetric flask.
Conventional Hot Plate digestion method
Conventional hot plate digestion was performed with an acid mixture using Teflon beakers. A precisely weighed samples (0.5-1g) put into the beakers, to which a pre-mixed acid solution was added. The samples were heated on a hot plate (instrument set temperature: 150 o C) to dissolve the samples. Afterwards, the sample was cooled below 70 o C, 6ml of concentrated HNO3 was added and the samples were refluxed at 150 o C. Subsequently, the samples were evaporated without boiling. After cooling to room temperature, the samples were diluted.
Data analyses
The values were expressed as means of three measurements. Comparisons of sanitary products were made employing one way ANOVA using Window SAS version 12.0. When significant interaction was found, Sheffe's Test was performed.
III. Results and Discussion
Determination of Heavy Metal Content in Sanitary Napkins
<Table 1> shows the results of the tests for the presence of heavy metals in the women's sanitary napkins. The content of heavy metals was determined for Cr, Co, Ni, Cu, Cd and Pb and F-values were presented in this table.
The heavy metal content was determined for the 3 Korean, 2 Japanese, 3 American, 3 German and 2 Chinese samples.
The highest concentration of heavy metals in the tested samples was detected for Cu. The concentrations of heavy metals in C1 from China and U3 from The trace quantity of chromium discovered in all of the samples remains on the level of tenth-fractions of ppm, with deviations ranging from 0.106 to 0.530.
Trace amounts of Pb were encountered in the majority of the samples (92%), within the range of 0.018 ppm for G1 to 0.308 ppm for C1. These results indicate that Pb was present at an almost equal level throughout the samples, in most cases corresponding to hundredth-fractions of ppm. No lead was found in one of the samples from America.
A trace quantity of cobalt was detected in 61.5% of the samples at the level of hundredth-or thousandthfractions, or at the level of 0.1 ppm. K1 and J1 (p< .005) were significantly higher than other samples.
The presence of cadmium was detected the samples from China, with a uniform content of hundredth-fractions of ppm.
A considerable dispersion of results was obtained in the case of Ni. J2 was the only sample showing no trace of Ni. The level of Ni corresponds to hundredthfractions of ppm in 76.9% (10 samples) and tenthfractions of ppm in 23.1% (3 samples) of the samples.
These results show that the regulation of textile products in European countries is stricter and more effective than that in the other countries. Also, the regulation of the environment, including textile products, in China is still deficient.
The content of heavy metals in sanitary napkins was higher than that in disposable baby diapers (Shin et al., 2004) .
The regulations concerning infant products are stricter than those regarding adult products. The concentrations of heavy metals in the infant products were between 1 to 5 times lower than those in the adult products.
In previous studies, most of the wood pulp, paper and textiles (Edward et al., 2004) were found to have similar heavy metal concentrations and profiles on comparing the sanitary napkins to tampons and disposable baby diapers.
The concentrations of the heavy metals in the women's sanitary napkins found in artificial sweat extract are given in <Table 2>.
Cr, Ni and Cu were present in all of the samples at levels of 0.5-29.3 ppb for Cr, 2.9-14.7 ppb for Ni and (Table 3) .
Determination of Heavy Metal Content in Tampons
<Table 4> illustrates the concentrations of heavy metals in the women's tampons and F-values were presented in this table.
Trace quantities of Ni, Cu, and Pb were detected in all of the samples, at the level of hundredth-fractions for Ni, tenth-fractions or 1ppm for Cu, and tenth-or hundredth-fractions for Pb.
Similar trace quantities of Co and Cd were observed, ranging from N.D. to the level of hundredth-fractions.
Trace quantities of Cr were detected ranging from N.D. to the level of tenth-or hundredth-fractions.
The heavy metal contents in the tampons were lower than those in the sanitary napkins with the exception of Pb.
Moreover, the results obtained from the disposable diapers and tampons for women show that the concentration of each heavy metal species in the disposable tampons for women was higher than that in the disposable diapers.
The concentrations of the heavy metals in women's tampons found in artificial sweat extract are given in <Table 5>. Cr, Ni and Cu were found in all of the samples. The highest concentration of heavy metals in the tested samples was detected for Cu. The concentrations of heavy metals in the tampons were lower than those in the sanitary napkins. The content in tested samples did not exceed the permissible level, according to the criteria of the 100 ÖKO TEX Standard (Table 3 ).
IV. Conclusions
Tests for the presence of heavy metals (Cd, Co, Cr, Cu, Ni and Pb) harmful to human health were carried out for 23 feminine hygiene products.
In the concentration of heavy metals in sanitary napkins, Cr, Cu, and Pb were found in all of the tested samples at levels of 0.1-0.5 ppm for Cr, 0.1-4.9 ppm for Cu, and 0.02-0.3 ppm for Pb. The presence of Cd was only detected in the samples from China in trace quantities considerably lower than 0.1 ppm. Co and As appeared in several more samples, in quantities also below 0.1 ppm.
In the tampons, Ni, Cu, and Pb were found in all of the tested samples. The presence of Co and Cd was only detected in a few samples in trace quantities considerably lower than 0.1 ppm. Cr appeared in several more samples, in quantities also below 1 ppm.
The heavy metal contents in the tampons were lower than those in the sanitary napkins except for Pb.
In the concentrations of heavy metals and extractable heavy metals in sanitary products, Cu was higher than other samples.
The concentration of extractable heavy metals in napkins and tampons samples did not exceed the permissible level, according to the criteria of the 100 ÖKO TEX Standard. It was confirmed that the level of heavy metals in the sanitary products posed no serious risk to health, based on the human-ecological criteria defined by the 100 ÖKO TEX Standard.
The purpose of this study was the analysis of inorganic compounds (heavy metals) in feminine hygiene products. It should be noted here that there was no data available about the heavy metal contents in feminine hygiene products. We would like to express our profound concern about the exposure to heavy metals in clothing and the resulting environmental damage. 
